It is known that slow breathing (o10 breaths min -1 ) reduces blood pressure (BP), but the mechanisms involved in this phenomenon are not completely clear. The aim of this study was to evaluate the acute responses of the muscle sympathetic nerve activity, BP and heart rate (HR), using device-guided slow breathing (breathe with interactive music (BIM)) or calm music. In all, 27 treated mild hypertensives were enrolled. Muscle sympathetic nerve activity, BP and HR were measured for 5 min before the use of the device (n¼14) or while subjects listened to calm music (n¼13), it was measured again for 15 min while in use and finally, 5 min after the interventions. BIM device reduced respiratory rate from 16 ± 3 beats per minute (b.p.m) to 5.5 ± 1.8 b.p.m (Po0.05), calm music did not affect this variable. Both interventions reduced systolic (À6 and À4 mm Hg for both) and diastolic BPs (À4 mm Hg and À3 mm Hg, respectively) and did not affect the HR (À1 and À2 b.p.m respectively). Only the BIM device reduced the sympathetic nerve activity of the sample (À8 bursts min -1 ). In conclusion, both device-guided slow breathing and listening to calm music have decreased BP but only the device-guided slow breathing was able to reduce the peripheral sympathetic nerve activity.
INTRODUCTION
Slow-and regular-breathing exercises seem to be effective in decreasing blood pressure (BP). 1 Of late, several articles have reported the efficacy of a new device called BIM (Breathe with Interactive Music, developed by InterCure, Ltd., Northern Industrial AreaLod, Israel) in reducing BPs [1] [2] [3] [4] when the achieved breathing frequency was o10 breaths min -1 . In these studies, subjects used the device for 8 weeks, on a daily-based schedule from 10 to 15 min. The mechanisms involved in BP reduction using breathing devices are still unclear.
Responses to different modes of breathing have been analyzed 5, 6 and it is believed that slow-breathing promotes a modulation of the autonomic cardiovascular regulation, characterized by increased parasympathetic activity and reduced muscle sympathetic activity. 7 In the breathing cycle, the muscle sympathetic nerve activity declines during inspiration, reaching it's nadir at the end-inspiration/early-expiration, and then rises. 8 There has been no investigation of the peripheral sympathetic nerve activity during slow breathing using BIM device. We hypothesize that this new technology acutely lowers the peripheral sympathetic nerve activity.
Therefore, the objective of this study was to evaluate the acute responses of the sympathetic nerve activity, BP and HR using a BIM device.
METHODS Subjects
In all, 31 non-diabetic, non-obese mild hypertensives (systolic blood pressure (SBP): 140-159 mm Hg and/or diastolic blood pressure (DBP): 90-99 mm Hg) were included. They were all receiving stable treatment for hypertension, with no changes 1 month before the experimental session. They received 1-3 antihypertensive medications, which could be diuretics, inhibitors of angiotensin-converting enzyme, angiotensin receptor blockers or calcium channel blockers. Sympatholitics were not used. The research protocol was approved by the ethics committee of the University of São Paulo General Hospital, São Paulo, Brazil. They all signed a term of free and informed consent after the explanation and agreed to participate in the study.
Study design
The patients arrived at the laboratory for the experimental session and received additional information regarding it. At this time, they were randomly allocated to participate of either the BIM group or the control group. All patients were placed in supine position. Three BP measures were made but only the second and third measures were considered. After that the equipment for the microneurography was placed on. The nerve localization procedure could last for 45 min. After the nerve was located, there were 5 min of variables recording-the baseline period. After that, patients of the slow-breathing group were instructed to perform guided-breathing for 15 min, following the music frequency of the equipment. The control group was instructed to listen to calm music for the same period of time. This period for both groups was called the respiratory period. After that, the headphones of both groups were taken off and the recordings continued for five more minutes-the recovery period. During all periods, muscle sympathetic nerve activity, BP, heart rate (HR) and respiratory rate (RR) were recorded by the minute.
BP and HR measurements
SBPs and DBPs and HR were recorded by a validated 9 automatic oscillometric device (DX-2710; Dixtal Biomédica, Manaus, Brazil), which was placed on the left arm of the patients.
In the beginning of the session, three measures were made, but only the second and third measurements were averaged.
During the baseline, respiratory and recovery periods, the measurements were read by the minute.
Muscle sympathetic nerve activity (MSNA) recordings
The MSNA was measured by microneurography, 10 which measures sympathetic nerve activity in postganglionic type C fibers. For each participant, sympathetic nerve activity was recorded from a muscle fiber fascicle in the peroneal nerve, posterior to the fibular head. In brief, an active tungsten microelectrode (200 mm in diameter) was inserted into the muscle fiber fascicle, and a reference microelectrode was inserted subcutaneously at a distance of 1-3 cm from the active microelectrode. The recorded signal was fed to a preamplifier (gain: 1000), an amplifier (variable gain: 40-60) and a bandpass filter (700-2000 Hz), after which it was integrated (time constant: 0.1 s) to obtain a mean voltage display of the MSNA neurogram. Activity is expressed as burst frequency (bursts min -1 ). The same blinded investigator analyzed all subjects' recordings.
Interventions
The BIM device used for the breathing exercise was RESPeRATE (InteCure, Israel), which consists of a belt-type respiration sensor connected to a computerized box that generates musical patterns through earphones. The device guides the user to slow breathing by relatively prolonging exhalation and monitors breathing patterns, averaging them over the last four breaths, synthesizing musical patterns with 'inspiration' sounds, and synchronizing inhaling and exhaling with musical sounds. This device shows the patient's RR. A MP3 player playing calm music was used as an active control.
Data analysis and statistics
For data analysis, the respiratory period (RP) was divided into three phases of 5 min each: from minute 1 to minute 5-RP1, from minute 6 to minute 10-RP2 and from minute 11 to minute 15-RP3. Data for both groups were compared using a two-way analysis of variance, with one between main factor (groups: BIM or control) and one within main factor (periods: baseline, RP and recovery). Post hoc comparisons were made by Newman-Keuls test. It was considered to be statistically significant Po0.05. Data are expressed as mean±s.d.
RESULTS
Three patients of the slow-breathing group were excluded because they did not reach 10 breaths min -1 using the slow-breathing device and two patients of the control group were excluded because they fell asleep during the RP. A total of 27 subjects successfully finished the protocol. In all, 14 subjects participated in the BIM group (8 men and 6 women) and 13 participated of the control group (7 men and 6 women). Table 1 shows the physical and clinical characteristics from both groups. During the first RP (RP1), all patients of the BIM group reached o10 breaths min -1 before the fifth minute was completed; therefore, the mean of the RP1 for this group was 8.8±1.6 breaths min -1 (Po0.01 compared with baseline). The RR value for the control group at RP1 was 17.3 ± 3.3 breaths min -1 . During RP2 and RP3, mean RR for the same group were 6.2±1.5 and 5.5±1.8 breaths min -1 , respectively. These values were significantly lower than the baseline period value (Po0.01 for both) and also lower than the same periods of the control group (17.2±3.2 and 16.4±3.5 breaths min -1 , Po0.01 for both). At RP1, MSNA was similar to the baseline values for both groups: 40 ± 7 bursts min -1 for BIM and 43 ± 9 bursts min -1 for the control (P40.05 for both). During RP2 and RP3 periods, MSNA of the slow-breathing group was significantly lower than the baseline values (38 ± 7 bursts min -1 , 36 ± 8 bursts min -1 , respectively Po0.01 for both) and also, lower than the same periods of the control group (44±8 bursts min -1 , 43±8 burst min -1 , Po0.05 for both).
The slow-breathing and control groups respectively had SBP significantly lower during RP1 (135±17 and 137±14 mm Hg, P¼0.05), RP2 (132±17 and 136±13 mm Hg, Po0.01) and RP3 (131 ± 17 and 136 ± 14 mm Hg Po0.01) compared with the baseline period. Compared with the baseline values, DBP was lower for slowbreathing and control groups (Po0.01) during the RP2 (82±9 and 84 ± 9 mm Hg) and RP3 (81 ± 9 and 84 ± 11 mm Hg), respectively. During RP2 period, HR were not different from baseline values for BIM and control groups (67±9 b.p.m and 71±10 b.p.m) (P¼0.4 for both). At RP3 period, HR was significantly lower for both groups compared with the baseline period (66 ± 9 b.p.m and 70 ± 11 b.p.m for BIM and control respectively, Po0.01).
During the recovery period, RR and MSNA (9.4±4.5 breaths min -1 and 36 ± 7 bursts min -1 , respectively) for the BIM group remained significantly lower compared with the baseline period of the same group (Po0.01 for both). SBP (134±18 and 137±14 mm Hg), DBP (82 ± 10 mm Hg and 85 ± 9 mm Hg) and HR (65 ± 11 and 71 ± 11), were significantly lower than baseline period for BIM and control respectively (Po0.05 for all). Figure 2 shows the nerve traffic during baseline and RP3 from one subject from each group.
DISCUSSION
This is the first study that investigated the peripheral sympathetic nerve activity during guided respiration with a BIM device. The main and new finding of this study was that during device-guided respiration peripheral sympathetic nerve activity is decreased. In this study, it was also observed that the SBPs and DBPs were reduced during slowbreathing and regular-breathing interventions. Slow breathing and sympathetic nerve activity B Oneda et al
The device used in this protocol had been used in several other In patients with type 2 diabetes, Longtenberg et al. 11 showed office SBP reduction after using the BIM and listening to music and the office DBP decreased only in the group who listened to music. So, either calm music or the use of BIM reduces BP, although BIM seems to be more effective. 4 We found that sympathetic nerve activity is reduced when subjects breathe slowly. The muscular sympathetic activity decreases between the fifth and tenth minutes of the BIM use. At that moment, the breathing frequency was already o10 breaths min -1 , showing that the sympathetic activity is related to the breathing frequency. We also observed that the bursts frequency occurred most frequently during the expiration phase and it was already shown by Hagbarth and Valbo 12 so, although the BIM device prolonged the expiratory phase of respiration, the slow-breathing induced a reduction in the number of bursts compared with control. It is believed that the lung inflation exerts a modulatory influence on central sympathetic neural outflow under resting conditions. 13, 14 Some investigators also found that slow-breathing increases the baroreflex sensibility in hypertensives, normotensives 15 and also in patients with chronic heart failure, 16 what explains good results after 8 weeks of practice at home. Grossman et al. 1 speculated that the repeated response to acute slow-and regular-breathing reverses the vascular pathology associated with hypertension, which is partially determined by the vascular tone, which is controlled by the sympathetic activity, and in this study, we observed that at least the peripheral sympathetic activity is reduced during slow-breathing exercises. These findings have clinical implications not only for hypertensives patients, but also in pathogenesis of human heart failure and ventricular arrhythmias 17 in which the sympathetic nervous activations have an important role. It is believed that the autonomic nervous system, through stimulation of arterial baroreceptor, pulmonary stretch receptors and low pressure baroreceptors, may have important roles in changes of BP. 15, 18 Bernardi et al. 16 reported that BP decrease in slower or deeper breathing is due to relative increase in vagal activity, decreased sympathetic activity and reduced afterload.
Recently, Schein et al. 19 found office SBP reduction after 8 weeks of the device use at home in type 2 diabetic patients, compared with controls. The investigators believe that the inhibition of the sympathetic outflow during exhalation and arteriolar vasodilation are responses of the pulmonary stretch receptors activated by the prolonged exhalation, although, they do not believe that this is the mechanism responsible for reducing BP in diabetic patients, because of their autonomic dysfunction. So, at least for diabetic patients there must be another mechanism responsible for BP decrease which has not been found yet. We believe that this is the same mechanism that acts reducing BP values while the subjects are listening to calm music and respiration rates are unaltered. Our findings regarding BP reductions during calm music are similar to other studies involving other interventions as meditation 20 and can be explained by the subjects relaxation over time, 1 as observed in other studies.
One hypothesis is that relaxation over the time evokes a parasympathetic predominance, not related to the RR, but that is enough to decrease BP. Some investigators observed this phenomenon using HR variability during meditation. 21 Our decrease in BP (À6 mm Hg/À4 mm Hg on SBP/DBP) is similar to other studies that observed acute BP variations with slow breathing. In one study, patients breathed six times per min for only 2 min and had 8.6 mm Hg reduction in SBPs and 4.9 mm Hg in DBPs. 15 In addition, 30 s of deep slow breathing caused 6.4/3 mm Hg reductions in SBPs/DBPs in treated hypertensives. 18 The percentage of BP changes seems to be related to the levels before treatment. Viskoper et al. 22 observed that reductions were greater using the device for patients whose baseline BP was elevated: SBP 4140 mm Hg and DBP 490 mm Hg. The same investigators observed that mean arterial BP reductions occurred only in patients who had mean BP X98 mm Hg. The subjects of most papers 1, 4, 23 using the same device, had high BP values to start with, and also Joseph et al. 15 studied untreated or patients with antihypertensive medication discontinued. We suppose that better results could be observed if baseline values from BPs were higher.
We observed no changes in the HR and this result correlates to other data involving slow/deep breathing acutely 11 or chronically. 1, 3, 4, 23 It seems unlikely that the antihypertensive drugs used in the study may have influenced the MSNA. First of all, all classes of drugs were well distributed between the two groups. Second, in spite of the action of diuretics in MSNA be controversial 24 increasing 25 or not affecting the sympathetic nervous system, 26 this class of drugs was not used as monotherapy in our patients. Finally, Schein et al. 19 did not observe any influence of the hypertensive medications, including diuretics in BP reduction with the same device. Moreover, it is known that this device may have therapeutic potential as low-risk adjunctive therapy for hypertension. 27 In conclusion, listening to calm music and the use of a BIM device decreased acutely, the BP. Reduction in peripheral sympathetic nerve activity seemed to be one of the mechanisms involved in BP changes in hypertensive patients.
